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Description 


METHOD AND STRUCTURE FOR 
INTEGRATED THERMISTOR 

Background of Invention 

[0001] This invention relates to a structure and method of fabri- 
cating a temperature sensitive conductive element, and 
more particularly to a structure and method of fabricating 
a thermistor for very large scale integrated (VLSI) circuits. 

[0002] The successful miniaturization of integrated circuits (ICs) 
has been a primary enabler of fast evolving computer 
technology. Solid state processing techniques have also 
enabled a continual advancement in the miniaturization of 
electronic devices that are included in these ICs. In a 
miniaturized environment, however, careful monitoring of 
all physical factors is needed because even the slightest 
variation of these factors can detrimentally affect the per- 
formance of the IC. To enable careful monitoring, sensing 
devices also known as "sensors" have been developed and 
incorporated into most ICs. Sensors are themselves elec- 


tronic devices that are designed selectively to measure 
wide varieties of physical quantities including force, accel- 
eration, pressure, chemical concentration and tempera- 
ture. The sensors are also miniaturized but most often 
they are fabricated on a size scale similar to that of cur- 
rent very large scale integration (VLSI) devices. 

[0003] Temperature is one of the more important physical factors 
that need careful monitoring. External exposure to certain 
temperatures can harm devices, but also internal temper- 
ature variations can be symptomatic of other serious de- 
sign or operational problems existing elsewhere in the IC. 
In miniaturized devices, temperature control becomes 
even more important because of the reduced size of the 
device that makes it more susceptible even to the slight- 
est temperature variations. 

[0004] | n addition to the situations already enumerated, temper- 
ature sensing is especially useful in ICs using VLSI devices. 
Such circuits depend on temperature sensing for auto- 
nomic processor control. A locally monitored temperature 
excursion can trigger current reroute with the slightest 
temperature change outside the acceptable range before 
damage occurs such as in a particular transistor or circuit 
block. Similarly, integrated temperature sensor circuits 


could be used to locally and dynamically adjust supply 
voltages to particular transistors and circuit blocks to 
minimize the temperature differences across the chip and 
safe guard against such damage and to improve perfor- 
mance and timing. The performance of a particular tran- 
sistor might be reduced by local adjustment of supply 
voltages. However, the overall chip or system performance 
and timing is optimized because transistors across the 
chip are better matched. 
[0005] Consequently, temperature monitoring is extremely cru- 
cial and useful in the operation of a range of IC circuits. 
Temperature sensors have been introduced to address 
this need. 

[0006] Temperature sensors, or temperature-sensing devices, 

are varied and include a range of devices such as thermo- 
couples, reversed-biased diodes, and temperature-sensi- 
tive resistors. Each of these temperature-sensing devices 
has their advantages and their drawbacks and therefore is 
selectively used for different tasks to either maximize 
their benefits or minimize their drawbacks. For example, 
"thermistors", which are devices having a conductivity 
which varies with temperature, are advantageous for use 
in VLSI process schemes, particularly due to their simplic- 


ity of fabrication. 

[0007] The effectiveness of a temperature sensor such as a ther- 
mistor is a direct function of its sensitivity. The greater 
the percentage of change in the conductivity of a sensor 
in relation to the change in temperature, the more sensi- 
tive is the sensor. Thermistors are growing in popularity 
due to their ease of process integration in the fabrication 
of ICs. In recent years there has been a continued effort to 
provide more sensitive thermistors. Nonetheless, the sen- 
sitivity of thermistor devices still has to be balanced with 
the ease of fabrication. This is especially true in thermis- 
tors that are used in conjunction with VLSI devices. 

[0008] use of thermistors in VLSI devices provides an additional 
advantage over the prior art sensors. In many ICs having 
VLSI devices, reversed-biased diodes, also known as ther- 
mal diodes, are utilized for their particular temperature 
sensitivity and their ease of integration into the VLSI fabri- 
cation process flow. However, recent studies have shown 
that when diodes are used, especially in silicon- 
on-insulator (SOI) or strained SOI substrates, the strained 
junctions cause noise and variability to the thermal diode 
measurement. Thermistors are then an attractive option to 
replace reversed-biased diodes in these circumstances. 


Nonetheless, any improvements to improve the tempera- 
ture sensitivity of such thermistors while not affecting the 
ease of their fabrication process will make them even a 
more attractive option in such situations. 

[0009] Consequently, it would be desirable to provide an inte- 
grated circuit thermistor structure. 

[0010] it would further be desirable to provide an integrated cir- 
cuit thermistor structure for use in conjunction with SOI 
and strained SOI structures in VLSI circuits. 

[001 1] n would further be desirable to provide methods for fabri- 
cating thermistors, which can be integrated into existing 

integrated circuit fabrication processes. 
Summary of Invention 

[0012] According to aspects of the invention, a structure and 
method are provided for forming a thermistor. Isolation 
structures are formed in a substrate including at least an 
upper layer of a single crystal semiconductor. A layer of 
salicide precursor is deposited over the isolation region 
and the upper layer. The salicide precursor is then reacted 
with the upper layer to form a salicide self-aligned to the 
upper layer. Finally, the unreacted portions of the salicide 
precursor are then removed while preserving a portion of 
the salicide precursor over the isolation region as a body 


of the thermistor. 
[0013] According to another aspect of the invention, an alterna- 
tive method is provided for forming an integrated circuit 
thermistor. In such method, an interlevel dielectric layer 
(ILD) is formed above a wiring level of an integrated cir- 
cuit. An embossed area is then formed in the ILD. A ther- 
mistor material is deposited in the embossed area and 
over the ILD. The thermistor material is patterned and the 
ILD is etched selective to the patterned thermistor mate- 
rial to define openings in the ILD above the first wiring 
level, the thermistor material serving as a hardmask dur- 
ing the etching process. Subsequently, a second wiring 
level is formed in the etched openings in the ILD. Ther- 
mistor material is then removed from a surface of the ILD 
while permitting the thermistor material to remain in the 
embossed area. Finally, contacts are formed to the ther- 
mistor material. 
Brief Description of Drawings 

[0014] Figures 1 through 4 illustrate stages of processing ac- 
cording to an embodiment of the invention for fabricating 
a thermistor using a salicide process; and 

[0015] Figures 5 through 12 illustrate stages of processing ac- 
cording to another embodiment of fabricating a tempera- 


ture-sensitive resistor using an integrated hard mask to 
form a thermistor at a wiring level above the surface of a 
substrate. 
Detailed Description 

[0016] The present invention introduces a new temperature 

sensing device and method for making such device. The 
device is a highly sensitive thermistor that is easy to fabri- 
cate and can be readily incorporated into all kinds of ICs. 
The thermistor of the present invention can even be read- 
ily used in ICs having VLSI devices and be integrated into 
SOI or SOI strained substrates, and is more immune to the 
problems of prior art sensors. 

[0017] Figures 1-4 illustrate a first embodiment of the present 
invention. In this first embodiment of the invention, a 
thermistor is formed in a process also used to form a self- 
aligned silicide, that is, a "salicide". 

[0018] | n Figure 1, a cross-sectional view is provided of an initial 
fabrication stage using a semiconductor-on-insulator 
substrate such as a silicon-on-insulator (SOI) substrate. In 
recent years, silicon-on-insulator technology (SOI) has 
been gaining popularity as a way to improve transistor 
performance. The use of SOI substrates tends to decrease 
parasitic junction capacitance, leading to improvements in 


speed, reduced power consumption, better frequency re- 
sponse, and resistance to soft errors, while helping to ad- 
dress manufacturability concerns. 

[0019] Many of the advantages provided by a SOI substrate stem 
from its structure. SOI substrates have a structure in 
which an active device layer of a single crystal semicon- 
ductor such as silicon is formed over an insulating layer of 
the substrate. The insulating layer acts to eliminate ca- 
pacitance between devices formed in the active device 
layer and the lower bulk layer of the substrate, and to 
prevent the development of electrical paths through the 
substrate, which can ultimately degrade or destroy surface 
devices. The insulating layer is typically a layer of buried 
oxide (BOX) formed below the surface of a silicon wafer, 
formed by a process such as separation by implantation of 
oxygen (SIMOX). Alternatively, well-known bonding pro- 
cesses may also be used to form the SOI wafer. 

[0020] | n Figure 1, the bulk silicon portion of the substrate is 

also shown at 50 and the BOX layer is shown at 120. The 
thin layer of Si remaining above this BOX layer 120 is 
shown at 110. The initial processing stage assumes that 
devices will have already been formed in the SOI layer 
110. An upper portion of the thin Si layer 110 will be 


transformed into silicide for increased conductivity. In ad- 
dition, to electrically isolate adjacent active areas formed 
on the substrate, shallow trenches isolation (STI) struc- 
ture(s), as shown at 130, are formed on the BOX layer 
120. 

[0021] | n order to form the layer of salicide on SOI layer 110, a 
thin layer 100 of conductive material, hereinafter refer- 
enced as a salicide precursor, is deposited over the thin 
SOI 110 and STI 130 structures. The thickness of the layer 
100 of conductive material preferably ranges between 
about 5 nm to 100 nm. 

[0022] it should be noted that the salicide precursor would be ul- 
timately used to form the thermistor during subsequent 
processing stages. Therefore, the selection of the salicide 
precursor material is important, as it may affect the sensi- 
tivity, and thus the effectiveness, of the thermistor. Al- 
though a variety of metals may be used to form the ther- 
mistor, it is determined that certain substances provide 
more effective temperature-sensing functions. The most 
common figure of merit in determining the effectiveness 
of a thermistor is resistance temperature coefficient (RTC). 
The RTC is defined as the percentage change in resistance 
for a one degree Celsius temperature change. While the 


RTC may be positive or negative, the absolute value of the 
RTC is indicative of the device's sensitivity. The higher the 
magnitude of the RTC, the more sensitive the thermistor 
is. 

[0023] The following table provides the RTC values for some 
common thermistor materials. Some of these materials 
are also shown to be effective candidates in the fabrica- 
tion process for VLSI devices because of their device inte- 
gration characteristics. 


TABLE 1 - RTC OF THERMISTOR MATERIALS 


Thermistor Material 

RTC 

Platinum (Pt) 

+0.3927%/C 

Copper (Cu) 

+0.68%/C 

Cobalt (Co) 

+0.604%/C 

Nickel (Ni) 

+0.69%/C 

Silicon (Si - intrinsic) 

+0.70%/C 

SiC (Silicon Carbide) 

-2.01 %/C 

Boron doped SiC 

-2.85%/C 


[0024] Materials such as silicon carbide (SiC) and especially boron 


doped SiC, show great promise for use as thermistors, 
due to the large magnitude of their RTCs. SiC thin film 
thermistors are superior to conventional ceramic thermis- 
tors and have been fabricated through radio frequency 
(RF) sputtered techniques for high reliability, high accu- 
racy and ease of manufacturing. Thermistors made of a 
thin layer of SIC film are also considered advantageous 
due to low power dissipation factors of such discrete de- 
vices. 

[0025] | n addition to SiC, elemental materials or their associated 
silicides or other conductive materials may be readily in- 
tegrated as thermistor materials of VLSI devices. Some ex- 
amples of materials that are used as salicide precursors 
are Pt, Cu, Co, Ni, which are all provided in Table 1, and 
other metals such as Tungsten (W), or Titanium (Ti), that 
are not shown in Table 1. Some examples of the salicides 
of such elemental materials are CoSi , NiSi and PtSi It 

XX X. 

should be understood that these examples are only pro- 
vided for illustrative purposes and other elemental mate- 
rials, or other materials having suitable improved RTCs 
can be among the materials selected for fabricating a 
thermistor. 

[0026] | n another embodiment of the present invention, the con- 


ductive layer (salicide precursor layer) 100 may consist of 
a stack of one or more metal and/or metal compound lay- 
ers. For example, a barrier/adhesion layer can be formed 
on top of the original metal or metal compound layer con- 
sisting of substances such as titanium nitride (TiN) or tan- 
talum nitride (TaN) to facilitate later processes. 
[0027] a variety of methods can be used to deposit the salicide 
precursor. The salicide precursor may be deposited using 
any one of several conventional thin-film deposition tech- 
niques. These include chemical vapor deposition (CVD) 
processes (especially for depositing tungsten), physical 
vapor deposition (PVD) techniques, and sputtering, among 
others. 

[0028] Figure 2 illustrates a subsequent processing stage. Figure 
2 is a cross-sectional depiction of the silicon layer 110 
and salicide precursor 100 after further processing is 
conducted so that a layer of silicide or salicide is formed, 
as shown at 140 over the silicon 110. Again, a variety of 
processes are available to cause silicidation. In a preferred 
embodiment, a thermal reaction is provided on the con- 
ductive or salicide precursor layer 100 to cause silicida- 
tion. Silicidation occurs only on the silicon layer. There- 
fore, after the thermal reaction, a layer of silicide 140 is 


formed only on the silicon layer 110. The conductive layer 
remains un-reacted on the STI 130 region where there is 
no silicon present. To better distinguish between the un- 
reacted conductive layer remaining after the thermal reac- 
tion and the conductive layer acting as the salicide pre- 
cursor, even though in essence the two layers are the 
same, the un-reacted conductive layer will be hereinafter 
referenced at 150. 
[0029] Figure 3 illustrates a subsequent processing stage. In the 
cross-sectional view of Figure 3, a block mask layer 160 is 
shown as patterned over the un-reacted conductive layer 
150. With the block mask 160 in place, the unreacted 
conductive layer 150 is patterned by etching such as, but 
not limited to, vertical etching. Some examples of such a 
vertical etch are a reactive ion etch (RIE), and an isotropic 
etch, either of which must be selective to the silicide of 
layer 140 and the block mask material. In a preferred em- 
bodiment, an anisotropic wet etch is used for such re- 
moval. Other etching methods that can be used include 
chemical dry etching, ion milling or other similar meth- 
ods. In the embodiment illustrated in Figure 3 in which 
the salicide 140 is not protected by the block mask 160, 
the etch must be selective to the salicide and the block 


mask material. 

[0030] The etching process is then followed by the removal of the 
entire block mask through conventional methods. Post 
clean-up procedures can be also conducted if desired or 
needed. The remaining unreacted metal layer 150 has 
now been patterned as the body of a thermistor, and is 
hereinafter referred to as thermistor 170, as shown in 
Figure 4. 

[0031] | n an alternative embodiment (not shown), the block mask 
160 is patterned to cover both the area of the unreacted 
conductive layer 150 and the salicided areas 140. In such 
case, etching of layer 150 can be performed by an etch 
which need not be selective to the salicide material. 

[0032] a subsequent processing stage, as illustrated in Figure 4, 
provides for the deposition of an interlevel dielectric layer 
(ILD), as shown at 190. The ILD can be made from a vari- 
ety of materials such as those used conventionally. Fur- 
thermore, the ILD can be comprised of deposition of a 
plurality of levels, forming an ILD stack. In a preferred 
embodiment, however, borophosphosilicate glass (BPSG) 
is used as the ILD 190. If multiple layers of interlevel di- 
electrics are used, the BPSG is preferably a first layer of 
such dielectric stack. One advantage of using BPSG is that 


it provides a uniform and well formed coverage, leaving 
no holes and filling the small gaps so that the ILD 190 
provides superior adhesion to all surfaces. It should be 
noted that the ILD 190 is blanket deposited over both the 
STI region 130 (including its overlaying thermistor 170) as 
well as the salicide layer 140. According to a particular 
embodiment of the invention, following deposition, the 
ILD 190 is planarized. Any conventional planarization 
method can be used to planarize the structure in such in- 
stance, for example, such as by a chemical mechanical 
polishing (CMP) method. 
[0033] Contact vias, as illustratively shown at 180, can then be 
created by patterning the ILD 190 using conventional 
methods, so as to form thermistor contacts. In a preferred 
embodiment, conductive patterns 192, 194 may also be 
formed at the same time by patterning grooves in the ILD 
190 that extend horizontally as wiring patterns, or alter- 
natively, to provide landing surfaces to which subse- 
quently higher level conductive vias (not shown) are inter- 
connected. As horizontal wiring patterns, the conductive 
patterns 192, 194 extend in transverse directions, e.g., 
pattern 192 may extend in an up-down direction over the 
substrate and pattern 192 may extend in a left-right di- 


rection over the substrate. 

[0034] | n a particular embodiment, the contact vias 180 and con- 
ductive patterns 192, 194 are formed by patterning the 
interlevel dielectric layer 190 by conventional damascene 
techniques. Alternatives for forming conductive patterns 
for interconnection to the vias 180 include patterning of a 
deposited conductive layer over ILD 190, as by a reactive 
ion etch process. 

[0035] | n a particular embodiment of the invention, the thermis- 
tor 170 can serve as a local interconnect between the 
same-level conductive patterns 192, 194 that are coupled 
to the respective vias 180. In another embodiment, the 
thermistor locally interconnects conductive patterns at 
different wiring levels. For example, the thermistor locally 
interconnects patterns 192 and 194, but pattern 194 
functions as a land for providing further interconnection 
to a wiring level higher than the conductive patterns 192, 
194 shown in Figure 4. 

[0036] in such case, the thermistor provides a local interconnect 
function either instead of, or in addition to a temperature- 
sensing function. In this context as a local interconnect, 
the term "thermistor" is applied broadly to the structure 
achieved and does not require the thermistor 170 to be 


used for a temperature-sensing function. 
[0037] Another embodiment of the invention is illustrated in Fig- 
ures 5 through 12. In this embodiment, a thermistor is 
formed from a patterned portion of a hard mask layer that 
is also used to pattern an interlevel dielectric layer. Hard- 
mask materials are varied but may include organic poly- 
meric materials such as various anti-reflective coatings 
(ARCs) used in semiconductor processing, inorganic ma- 
terials such as silicon oxides, silicon nitrides, silicon 
oxynitrides and SiC, or any metallic or semi-conducting 
material in an amorphous, poly-crystalline, or single- 
crystal form. 

[0038] Figure 5 illustrates an initial stage in the fabrication of a 
thermistor according to a second embodiment of the in- 
vention. Figure 5 is a cross-sectional view of a wiring level 
210 formed below an interlevel dielectric layer (ILD) 200. 
The wiring is provided illustratively and can represent 
wiring for a variety of functions such as interconnect 
wiring and bitline wiring. The ILD 200 is formed over the 
wiring level 210. 

[0039] Figure 6 illustrates a subsequent stage of processing. As 
shown in Figure 6, a mask layer 220, preferably consisting 
of a photoresist material, is deposited over the interlevel 


dielectric layer 200 and then patterned. The ILD 200 is 
then etched according to the mask layer 220 by a wet etch 
or anisotropic RIE. An embossed region 225 then results. 
The mask layer 220 is then removed. 

[0040] Figure 7 illustrates a subsequent stage of processing. As 
shown in Figure 7, a layer of material 230 is deposited 
over the ILD 200 as a hard mask for subsequent pattern- 
ing of the ILD 200 and the thermistor. The material of the 
hardmask layer preferably has a conformal characteristic 
such that it covers surfaces to a relatively even thickness. 

[0041] Figure 8 illustrates a subsequent processing stage. In the 
cross-sectional illustration of Figure 8, dual-damascene 
patterning is performed to the ILD 200, among other pro- 
cesses. By damascene processing, a patterned layer is 
imbedded on and in another layer such that the top sur- 
faces of the two layers are coplanar. In semiconductor 
manufacturing, damascene process includes the creation 
of grooves and holes in appropriate locations. The 
grooves are formed in an insulating material, such as an 
interlevel dielectric layer. The grooves and holes may be 
created though a variety of techniques including etching, 
which are then filled with a conductive material such as a 
metal. 


[0042] Applying this concept to Figure 8, the dual damascene 
process when conducted creates an opening 245. In a 
preferred embodiment as illustrated in Figure 8, the 
opening 245 is shaped so it includes an upper area 244, 
typically extending in a direction from left to right across 
the page or in a transverse direction into and out of the 
page. The upper area 244 typically extends in a horizontal 
direction further than a lower area 242. The lower area 
242 typically is provided as an essentially vertical via. 

[0043] Thereafter, a conductive liner 240, referred to as an inter- 
connect liner is provided as shown at 240 in Figure 8. 
Note that the interconnect liner 240 is provided in a man- 
ner to contact wire level 210. Continuing the process, the 
lined opening 245, as lined by liner 240, is filled by a 
conductor such as a metal, as shown in Figure 9. The con- 
ductor material 250 is blanket deposited or plated over 
the substrate to fill opening 245 and to adhere to the sur- 
face of the thermistor material 230 over the embossed re- 
gion 225. The conductor layer 250 forms a back- 
end-of-the-line (BEOL) interconnect. The structure is then 
planarized though conventional planarization methods 
such as a chemical mechanical polishing (CMP) method, 
stopping on the liner 240, as shown in Figure 10. The 


hard mask layer 230 is then also further polished to the 
top of ILD 200, so that it only remains in the embossed 
area 225. The hard mask material filling in the embossed 
area 225, will hereinafter be referred to as 260, as shown 
in Figure 11. At the conclusion of this stage of processing, 
a conductive via 254 contacts the wiring level 210, as well 
as a second wiring level 252. 
[0044] The hardmask material 260 in the embossed area is then 
used to form a thermistor, as shown in Figure 12. Prefer- 
ably, a capping layer 280 is formed on the hardmask ma- 
terial 260 prior to forming contact vias 270. The capping 
layer 280 is preferably an easily patterned dielectric layer 
such as a layer of deposited silicon nitride or deposited 
silicon dioxide. Thereafter, another interlevel dielectric 
layer (ILD) 290 is deposited, preferably followed by pla- 
narization. Via openings are then patterned in the ILD 
290. Once the via openings have been etched, contact vias 
270 are formed by depositing a conductive material such 
as a metal in the openings. In a preferred embodiment, 
conductive patterns 300 and 310 are also formed by pat- 
terning horizontally oriented patterns in the ILD 290, and 
then depositing the conductive material to simultaneously 
form the contact vias 270 and the conductive patterns. 


[0045] As in the above-described embodiment, the thermistor 

260 may serve as a local interconnect between conductive 
patterns 300 and 310 which are coupled to respective 
ones of the vias 270. 

[0046] According an embodiment of the invention, an integrated 
circuit thermistor structure is provided. According to a 
particular embodiment of the invention, an integrated cir- 
cuit thermistor is fabricated by a process also used to 
form a salicide. According to another particular embodi- 
ment, a thermistor is fabricated by a process also used to 
form wiring of an integrated circuit such as back- 
end-of-line (BEOL) wiring. 

[0047] while the invention has been described in accordance with 
certain preferred embodiments thereof, those skilled in 
the art will understand the many modifications and en- 
hancements which can be made thereto without departing 
from the true scope and spirit of the invention, which is 
limited only by the claims appended below. 


